Background and Aims Plastic responses to stress in components of reproduction can have important effects on plant fitness and can vary both within and between species. Responses may also depend on when in the life cycle stress occurs. Here, it is predicted that the timing of initiation of a stress, defoliation, would affect the pattern of plastic responses. These differences should occur because some components of reproduction, such as flower number, are determined earlier in a plant's life than others, such as individual seed mass.
I N T R O D U C T I O N
The environment varies over space and time at many scales. Because plants are sessile, it is important that they have the ability to respond to environmental heterogeneity. This ability of a single genotype to alter its phenotype in response to environmental conditions is commonly referred to as plasticity (Bradshaw, 1965; Schlichting, 1986; Sultan, 1987 Sultan, , 2000 Sultan, , 2001 Schlichting and Pigliucci, 1995, 1998) . Plasticity in several classes of characters has been observed in many plant taxa in response to changes in the amount of water (Sultan and Bazzaz, 1993; Singh, 1995; Volis et al., 1998; Pigliucci and Kolodynska, 2002) , nutrients (May and Killingbeck, 1995; Valladares et al., 2000) and light (Havens et al., 1995; Urbas and Zobel, 2000) and to herbivore damage (Koptur et al., 1996; Mabry and Wayne, 1997; Agrawal, 2000 Agrawal, , 2001 . This plasticity includes variation in resource allocation, morphology, physiology and reproduction (Marshall, 1989; Niesenbaum, 1996; Sugiyama and Bazzaz, 1997; McConnaughay and Coleman, 1999; Volis et al. 2002) . Plasticity is of interest because it may affect individual fitness, the success of populations and even community-level interactions (Schlichting and Pigliucci, 1998; Sultan, 2001) .
Plasticity in the components of plant reproduction in response to stress is particularly important for understanding the environments in which a species can produce offspring, for understanding the evolution of plastic responses, and for predicting economic consequences of stress on crop plants. For example, plant response to stress can be mitigated by the pattern of adjustment in the various components of reproduction: plant size, number of flowers, number of fruit per flower, number of ovules per fruit, number of seeds per ovule and seed size (Stephenson, 1980; Lee and Bazzaz, 1986; Gorchov, 1988) . If a plant is stressed, one or more of these components must be affected; however, there is considerable disagreement as to which of these characters will be most affected.
It has long been thought that there is a common sequence of reproductive responses to stress. First fruit number is reduced, followed by a reduction in seed number per fruit and, finally, seed mass may be affected (Harper, et al., 1970; Stephenson, 1981) . This pattern has been expected because of the hypothesis that reductions in seed mass will have particularly detrimental effects on plant fitness (Black, 1956; Bradshaw, 1965; Adams, 1967; Harper et al., 1970; Stanton, 1984; Susko and Lovett-Doust, 2000) .
However, the prediction that seed mass will be conserved through reductions in other components of reproduction has not always been supported. In fact, any of the components of reproduction may respond to stress (e.g. Stephenson, 1980; Willson and Price, 1980; Marshall et al., 1986) , and several data sets suggest that seed size may vary within a species (Lloyd, 1980; Stanton, 1984; Marshall et al., 1985a; SmithHuerta and Vasek, 1987; Winn and Werner, 1987; Sultan and Bazzaz, 1993; Cheplick, 1995; Susko and Lovett-Doust, 2000; and Parciak, 2002) .
A variety of responses to stress may occur because all of the components of reproduction affect fitness. That is, despite the importance of seed size to fitness, seed number is also crucial since it determines the maximum number of offspring that may be produced. In fact, seed number is one of the most important aspects of reproductive success in annual plants (Sugiyama and Bazzaz, 1997) . Seed number is particularly important when only a small proportion of seeds reach safe sites, when seed predators are common or when seedling emergence is very low.
Previous studies using species of Sesbania show that variation in plasticity of the components of reproduction can occur among species. Sesbania vesicaria has large seed size and a strong correlation between seed size and seedling success (Marshall et al., 1985b; Marshall, 1986) . When stressed this species aborts fruits and conserves seed mass, conforming to the general prediction . In contrast, S. macrocarpa shows a very different response. This species has smaller seeds and shows less effect of seed size on seedling growth (Marshall et al., 1985b; Marshall, 1986) . When stressed, most response is in seed abortion and seed mass .
However, these results were obtained by starting experimental stress at a single time early in the plants' life cycles, the day that flowering began for each plant. Due to this early timing, a range of responses in components of reproduction was possible. Changes in the timing of the experiment may have given very different responses since the nature of plastic responses may depend on the developmental stage (Diggle, 1994; Pigliucci, 1998) .
The components of reproduction represent a developmental sequence where some components are determined earlier than others (Fig. 1) . Therefore, the pattern of plastic response may depend on the timing and duration of stress. After a plant has stopped flowering it can no longer change the number of flowers it has produced and it can no longer increase the total number of fruits. Thus, if resources increase late in the season, flower number cannot increase and, conversely, a stress that is initiated after flowering has stopped cannot affect total flower production. If a new stress begins very late in the growing season only seed mass can be adjusted as all other components of reproduction have already been determined. As a result, the developmental sequence may constrain the type of responses possible at any one time and stresses imposed at different times may have different effects on reproductive components. For example, when soybeans and black beans were exposed to drought at three developmental stages, flower number was reduced by early stress, seed number per pod was reduced by intermediate stress and individual seed mass was reduced by late stress (Son et al., 1996; Nielsen and Nelson, 1998; Desclaux et al., 2000) . Therefore, our understanding of plastic responses to stress is incomplete if we confine our investigations to stress initiated at a single point in a plant's life history.
A series of experimental defoliations of S. macrocarpa and S. vesicaria were used to address the relationship between time of stress and pattern of plasticity of produces, on average, two 220-mg seeds per fruit. Further details of the reproductive biology of these species are described elsewhere (Marshall et al. 1985a (Marshall et al. , b, 1986 Marshall, 1989) .
Experimental methods
One hundred plants of each species were used in this experiment: 20 plants from each of five maternal sibships (called families) from each species. Seeds were collected from sites in central Texas. They were scarified for 30 min in concentrated sulfuric acid and then planted into 4 L pots in a 4 : 1 : 1 mixture of sand, peat and perlite in a greenhouse in Albuquerque, NM. Initially 2-4 seeds were planted in each pot; 2 weeks after germination the seedlings were thinned to one per pot. Plants were fertilized weekly with Peter's 20 : 20 : 20 fertilizer and bottom-watered. After a few weeks, roots grew out of the pots and into the water in the benches, just as roots in the field grow into the water table. Thus, plants had continuous access to water and, as a result grew quite large.
Seeds were planted in May. After the plants had grown for 2 months, flowering was triggered by manipulation of the light regime in the greenhouse. Overhead incandescent lights were turned on for 24 h for 4 d. The plants were then returned to the ambient light regime and they began flowering a few weeks later. The same trigger had been used to initiate flowering in a previous experiment (Marshall, 1989) .
The 20 plants from each maternal family were stratified among ten blocks in the greenhouse, with two from each family in each block. Then, treatments were assigned at random within families such that four randomly chosen plants from each family were assigned to each treatment.
The 100 plants of each species were divided among five treatments as follows:
Control: no defoliation. The dates on which treatments 2, 3 and 4 were initiated were slightly different for each species because they responded differently to the flowering trigger. Treatment 1 began on July 9, as that is the date the lighting regime was changed. For S. macrocarpa, treatment 2 began on August 16, treatment 3 on August 30, and treatment 4 on September 13. Because S. vesicaria began flowering later, treatment 2 began on September 13, treatment 3 on September 27, and treatment 4 on October 9. Had we not made this change, all of the treatments to S. vesicaria would have been initiated before flowering.
Defoliation was performed by removing half of each leaf on each plant. Because the Sesbania species have pinnately compound leaves, for defoliation the central rachis of the leaf was cut once halfway along its length. Once defoliation started, new leaves were located and clipped once each week. Removal of half of the leaf tissue has been shown to be sufficient to reduce reproduction in these species of Sesbania .
Plants continued to grow for several months after the treatments began. Most S. macrocarpa plants continued to produce flowers until the end of September and a few plants continued to flower until November. Most S. vesicaria plants flowered until November. Plants were harvested in November and December when all fruits had matured and the plants were dry and brown.
Data collection
As flowers developed, each inflorescence was marked with a small plastic tag. New inflorescences were marked and developing fruits were examined every 2 weeks, until fruit maturation. Counts were made of all buds, flowers, pedicels where flowers or fruits had aborted, and fruits. Thus, a complete record was obtained of the numbers of flowers and fruits produced by each plant.
At maturity, all fruits were collected and plant size was measured in the following manner: measurements (to the nearest cm) were made of both the height of each plant from the soil surface to the apical meristem and of the length of each branch. The total number of branches per plant was also counted.
From the mature fruits, the following were recorded: the number of good seeds per fruit, the number of aborted seeds per fruit (indicated by small, shrivelled ovules), the mass of individual seeds and the total mass of seeds per fruit. For S. macrocarpa five randomly selected seeds per fruit were individually weighed. This was repeated for ten fruits per plant. For S. vesicaria both fruit number and seed number were smaller; therefore, all seeds (one or two) within each fruit were weighed.
Four additional variables were calculated from the measured variables. Plant size was estimated as the sum of plant height and the length of all branches. This takes into account both differences in height and in tendency to branch. Because we wanted to separate the effects of plant size on flower production from those of increases in proportional allocation to flower production, we divided total flower number by plant size to produce flowers/size. Fruit set was also calculated as total fruits produced/total flowers produced and total reproduction was calculated as total number of seeds produced · mean seed mass.
Analysis
In order to ask whether there were overall treatment effects on reproduction, a MANOVA was first performed for each species using all reproductive variables as dependent variables and maternal family, block, defoliation treatment, and the interaction between block and defoliation treatment as independent variables. Then, for each species, more detailed effects of defoliation treatment on reproduction were analysed using ANOVAs where plant size, total flower number, total fruit number, flowers/size, fruit set, good seeds/fruit, individual seed mass and total reproduction were the dependent variables. Maternal family, block, defoliation treatment and the interaction between block and defoliation treatment were the independent variables. Because there was a large number of blocks (ten) and only 100 plants per species, inclusion of all possible interactions was not feasible. We chose to examine the block by treatment effect rather than other possible interaction effects as our primary interest was the environmental effects on character means. For the analysis of individual seed mass, number of good seeds/fruit was used as a covariate. A mixed model was used in which block and treatment were fixed effects and maternal family was a random effect. Variables were measured and analysed at the same scale; that is plant size, total flower number, total fruit number, flowers/size, fruit set, and total reproduction were analysed at the level of the plant, good seeds/fruit at the level of the fruit, and individual seed mass at the level of the seed. Following the ANOVAs, Tukey tests were performed to compare the means among treatments. To satisfy the assumption of normality, fruit set was arcsine square-root transformed prior to analysis.
The effects of treatment between the species were also compared using a second set of ANOVAs. Again, plant size, total number of flowers, total number of fruits, flowers/size, fruit set, good seeds/fruit, individual seed mass and total reproduction were the dependent variables. However, in this case, species, block, treatment, the species by treatment interaction and the block by treatment interaction were the independent variables. All of the independent variables were treated as fixed.
Patterns of plasticity were examined in several ways. First, coefficients of variation (CVs) within and between species were examined. Because CVs are on the same scale for all variables, they allow comparison of the amount of plasticity among characters and between species. Next, we looked for significant species by treatment effects in the ANOVAs as these indicate cases where response to treatment differed between the species. Finally, correlation coefficients were calculated between the treatment means of each species for each variable. This allowed us to ask whether the direction of response to treatments was the same for each species. Since we used only five treatments, there were only five pairs of points for each correlation. With such a small sample size we expected few significant correlations (the correlation coefficient must be nearly 0Á9 to be significant at P < 0Á05 at our sample size). However, we were interested in the magnitude and sign of even nonsignificant correlation coefficients.
RE SUL TS
The defoliation treatments were sufficient to affect overall reproduction in both species. MANOVAs using all measures as dependent variables reveal an overall effect of treatment for both species (for Wilk's lambda, P = 0Á0003 and P < 0Á0001 for the overall effect of treatment in S. macrocarpa and S. vesicaria, respectively). Total numbers of flowers and fruits differed significantly among treatments for both species (Tables 1 -3) . Total reproduction (total mass of seeds produced per plant) was significantly affected by treatment for S. vesicaria and approached significance for S. macrocarpa (Tables 1 -3) . Interestingly, however, the effect of treatment was not always to reduce reproduction. Flower production, fruit production and total reproduction tended to be higher in the latest defoliation treatment (treatment 4) than in the control for S. macrocarpa (Table 1) .
Pattern of plasticity in response to defoliation, S. macrocarpa
The most dramatic responses to stress in S. macrocarpa were in plant size and in variables that are directly affected by plant size, such as total number of flowers and total number of fruits (Tables 1, 2 ). For the most severe defoliation treatment, treatment 1, reductions from control were 32 %, 24 %, 28 %, and 25 % for plant size, total number of flowers, total number of fruits, and total reproduction, respectively. The effect on these reproductive variables was primarily a consequence of variation in plant size, as the number of flowers/size was unaffected by the treatment (Tables 1, 2 ). While number of good seeds per fruit and individual seed mass also differed significantly between treatments, the magnitude of the effect was small (Tables 1, 2 ). The pattern of response appears to be different for the four defoliation treatments (Fig. 2A) . In Fig. 2A (and 2B) changes in components of reproduction are illustrated by lines that have a positive or negative slope. Treatments 1 and 2 show a reduction in plant size, meaning that growth rate was reduced after defoliation, while treatment 4 shows an increase in plant size presumably due to increased growth after defoliation. With the exception of a moderate, but not significant reduction in fruit set for treatment 1, the lines for treatments 1-3 are comparatively flat after the change in plant size (Fig. 2A) . Treatment 4, however, shows a drop (not significant) in flowers/size and then modest increases in the remaining variables (Table 1 , Fig. 2A ).
Pattern of plasticity in response to defoliation, S. vesicaria Sesbania vesicaria also showed an initial response in growth that translated into final differences in plant size between the treatments (Tables 1, 3 ). Total numbers of flowers and fruits and total reproduction were also affected by treatments (Tables 1, 3) . Reductions relative to control for the most stressful treatment (treatment 1) were 15 %, 7Á5 %, 27 % and 33 % for plant size, total number of flowers, total number of fruits, and total reproduction, respectively. The significant effect of treatment on individual seed mass resulted from reductions in seed mass in response to treatments 1, 2 and 3. The patterns of response to defoliation were quite similar among treatments (Fig. 2B) . Final plant size was less than in controls for all defoliation treatments, but flowers per unit size increased for treatments 1 and 4. This trend approached significance and suggests a difference in allocation to flowers rather than a simple effect of size on final flower number. Fruit set was lower than in controls for all treatments and three of four treatments showed a final reduction in individual seed mass. Most of these individual responses are not statistically significant. Nonetheless, the trend is that the effect of timing of treatment was mostly on the severity of reductions in components of reproduction while the pattern of response was quite similar across treatments (Fig. 2B) .
Differences between species in responses to defoliation
Several pieces of evidence show that the response to stress differed between the species. There were significant species by treatment effects on six of the eight variables analysed (Table 4 ). These differences are best illustrated by comparing the patterns of response to the earliest treatment (1) and the latest treatment (4) (Fig. 3A, B) . In these cases the pattern of response is opposite in nearly every character plotted.
The difference in pattern of response is also illustrated by the patterns of correlations among the traits between species. Although none of the correlations in response of the two species are significant, they are substantial and often negative (Table 5) . While the response in size across treatments shows a positive correlation where R > 0Á60, there are negative correlations of the same magnitude for flowers/ size, fruit set and individual seed mass.
The amount of plasticity in components of reproduction also varies between the species (Tables 6, 7) . When coefficients of variation (CV) in trait values are calculated across plants, the average CVs for components of reproduction are 33Á1 % and 24Á1 % for S. macrocarpa and S. vesicaria, respectively. In addition, the CV for total reproduction across plants is also considerably higher for S. macrocarpa. Using treatment means to calculate coefficients of variation yields lower values (Table 7) . However, both the average CV for components of reproduction (9Á9 % vs 5Á7 %) and the CV for total reproduction (32Á3 % vs 26Á3 %) are larger in S. macrocarpa than S. vesicaria. For S. macrocarpa, plant size followed by fruit set were the most variable among plants and among treatments (Tables 6, 7). For S. vesicaria, flowers/size and fruit set were the most variable among plants and among treatments (Tables 6, 7). Number of good seeds per fruit was the least variable component of reproduction for both species.
D I S C U S S I O N
Plasticity in components of reproduction is important to plant fitness because it can affect both the number and quality of offspring produced when environmental conditions vary. While it has often been proposed that plants will respond to stress primarily by changing total number of seeds such that seed size remains relatively constant (e.g. Harper et al., 1970) , data show that changes in the components of reproduction may vary between species (e.g. Marshall et al., 1986) . The pattern of plastic response to stress in components of reproduction, such as flower number, fruit abortion, number of seeds per fruit and seed mass, might also vary within species depending on the time during the season when environmental change occurs. Early stress, for example, might alter plant size and flower number while stress imposed late in the season might only affect seed mass and seed number per fruit, because these components of reproduction are determined at different times in plant development (Fig. 1) . We investigated this possibility by varying the timing of initiation of defoliation for two species of Sesbania. While the timing of defoliation did affect the pattern of plastic response and there were differences between the species, the nature of the responses was not precisely as we had predicted.
First, removal of half of each leaf was sufficient to reduce overall reproduction, but not so severe as to kill plants. Generally, the defoliation treatments were sufficient to reduce plant size, total number of flowers and total reproduction per plant (total mass of seeds produced) when defoliation was initiated at the two earliest time periods. However, defoliation initiated later did not tend to reduce reproduction. In fact, the latest defoliation treatment actually resulted in a significant increase in plant size in S. macrocarpa.
Although the treatments caused a response, the effect on the plants was not as strong as in other experiments with Sesbania Marshall, 1989) . This may be because of the growing conditions in this study. Plants were watered from the bottom and had no limit on water availability. Sunlight is intense in New Mexico, so light was unlikely to have limited plant growth in the greenhouse. Finally, plants formed root nodules, providing a supply of nitrogen. Thus, even removal of half of each leaf may not have been a particularly strong treatment as plants had plenty of light and nitrogen and thus the capacity to make additional leaves or increase the rate of photosynthesis in the remaining leaf tissue. Second, we predicted that the timing of initiation of defoliation would affect the pattern of plastic response in a particular way. We thought that the plants might respond to early stress by alteration of several components of reproduction, but would respond to later stress by altering only those components of reproduction that were determined latest in development (e.g. seed mass). The time of initiation of stress did affect the plastic response, but not in the way we predicted.
For S. vesicaria, the treatments affected most of the components of reproduction (Table 3) ; however, the pattern of plastic response was very similar among treatments initiated at different times in the experiment (Fig. 2B) . Generally, final plant size and amount of fruit set were reduced relative to controls (although the effect on fruit set was not significant) and the later components of reproduction (number of seeds per fruit and seed mass) showed less effect. The earlier treatments had the greatest overall effect on reproduction. This probably occurred because the earlier the treatment started, the longer the period during which the plants lacked some leaf tissue. Thus, for S. vesicaria, timing of defoliation primarily affected the intensity of response rather than the pattern of response. There was no indication that starting a treatment late forced a response in seed mass. This may have been because, despite adjustments during the course of the experiment, none of the treatments were actually initiated as late in the life cycle as we had wished. The plants continued to flower for several weeks after the initiation of the last treatment. Thus, plants were still adding new tissue and could still adjust all of the components of reproduction.
The pattern of response to defoliation differed more between treatments in S. macrocarpa ( Fig. 2A) . Generally, there was a switch in the response between the two earliest and the two latest defoliation treatments. Early treatments resulted in a reduction in total reproduction or undercompensation. Defoliation at the third time period produced nearly exact compensation; total reproduction was almost identical to that of the control plant. Defoliation at the final time period resulted in over-compensation; total reproduction was significantly higher than in the control plants. Despite these differences in the results, most of the change in total reproduction was due to changes in plant size that led to changes in number of flowers, number of fruits and total mass of seeds ( Fig. 2A) .
Our observation of over-compensation in response to late defoliation of S. macrocarpa requires some comment as there is considerable interest in the frequency with which over-compensation might occur in natural populations (e.g. Belsky, 1986; Paige and Whitham, 1987; Paige, 1992 Paige, , 1999 Bergelson et al., 1996; Lennartson et al., 1998; Agrawal, 2000; Warner and Cushman; 2002; Freeman et al., 2003) . We think over-compensation occurred in this case due to a combination of the time in the life cycle at which defoliation was initiated and the availability of resources for further growth. The last defoliation treatment for S. macrocarpa occurred at a time when plant growth was slowing and plants had begun to move nutrients from leaves to fruits. The late defoliation appeared to slow senescence in the plants. Plants defoliated late continued to grow, reaching a greater size with more nodes at which fruits could be produced. Thus, the increase in overall reproduction was mostly due to continued growth late in the experiment. Timing of herbivory has also been important in other cases of over-compensation (Lennartson et al., 1998; Warner and Cushman, 2002; Freeman et al., 2003) . Over-compensation might not operate in the same way in the field for S. macrocarpa. Late growth and late fruit production could be unsuccessful if the season is truncated by frost. Also, it is important to note that light, water and nitrogen were abundant and there was little opportunity for competition under the conditions of this experiment. The points on the graph were calculated as described in Fig. 1 . For treatment 1, defoliation was initiated prior to flowering, while for treatment 4 defoliation was initiated about 4 weeks after flowering began. (see Methods for details). Initial plant size was considered to be equal for all treatments because plants were assigned to treatments at random. The line from initial size to final size represents the growth rate for each plant. A flat line means the growth rate equalled the control, a line that slopes upward indicates an increase in growth rate and a line that slopes downward indicates a decrease in growth rate. Correlation coefficients were calculated using the mean response of each Sesbania species in each of the five treatments. Thus, for each variable, n = 5.
Populations are often dense in the field (D. L. Marshall, pers. Obs.). Nonetheless, over-compensation in response to beetle herbivory has also been seen in S. sesban when 25-50 % defoliation occurred on 3-month-old seedlings (Sileshi et al., 2002) .
The over-compensation we saw contrasts with some previous studies. Here, part of the tissue of each leaf was removed; no meristems were damaged. Thus, this case of over-compensation is very different from those in which it occurs after early clipping of flowering stems (e.g. Paige and Whitham, 1987) .
It is also interesting to consider why over-compensation occurred in S. macrocarpa, but not in S. vesicaria. We think there are two reasons. First, because the life cycle of S. vesicaria is longer, none of the defoliation treatments occurred at a stage that is as late in development as in S. macrocarpa: the S. vesicaria plants were not beginning to senesce when the latest treatments were applied. Also, in all of our previous experiments, S. vesicaria has been less plastic than S. macrocarpa Marshall, 1989) and may not have the flexibility to overcompensate.
As in previous studies of these species of Sesbania, the pattern of plastic response differed between the species. This conclusion is supported by significant species by treatment interactions for six variables, comparison of coefficients of variation for each variable, and the pattern of correlations among responses to treatments for each variable. Overall, S. macrocarpa showed more plasticity than S. vesicaria. For S. macrocarpa the mean coefficient of variation for individual components of reproduction was 33 % and the coefficient of variation for total reproduction was 73Á9 %. In contrast, the mean coefficient of variation and the coefficient of variation for total reproduction were 24Á1 % and 52Á6 %, respectively, in S. vesicaria. While number of good seeds per fruit and individual seed mass were the least variable components of reproduction for both species, the most variable components of reproduction differed between the species (Tables 6, 7) .
None of the correlations in responses were significant because the number of treatments, and therefore the sample sizes, for calculating correlation coefficients were quite small. However, four of the five correlations for individual components of reproduction were negative, three of them strongly so. The fifth, plant size, was positively correlated between the species (Table 5) .
We predicted that patterns of response to stress would be different between the species for early treatments when all components of reproduction could respond to stress, and similar for late treatments when responses were constrained to be in those characters determined late in development. We saw the opposite effect; responses to early stress were most similar (Fig. 3A, B) . We think that the responses to late stress differed because, even though seeds of both species were planted at the same time and even though both species are annuals, S. vesicaria has a longer and less flexible life cycle than S. macrocarpa. In the field in central Texas, S. vesicaria germinates in February, but does not flower until August or September. In contrast, S. macrocarpa germinates between February and June, but still flowers in August or September (D. L. Marshall, pers. Obs.).
Thus, S. macrocarpa can reach maturity more quickly if it germinates late. Sesbania vesicaria does not show this pattern. In the greenhouse, S. vesicaria continued to grow and flower over a longer period of time than S. macrocarpa. Despite our attempt to adjust the treatment schedule, none of the treatments occurred as late in the life cycle for S. vesicaria as for S. macrocarpa. Thus, in treatments 3 and 4, for example, S. macrocarpa plants had begun to senesce and responded to the treatment by growing new leaves after the control plants had stopped growing. This resulted in compensation in treatment 3 and overcompensation in treatment 4. This stimulation of growth was not seen in S. vesicaria.
Although it was expected that the latest treatments might result in decreases in seed mass, our data did not support this prediction. However, in an earlier experiment, seed mass was reduced in both species when fruits were subjected to damage very late in the season (Marshall et al., 1985b) . In that experiment, treatments began after plants had stopped flowering. In this experiment, no treatments were initiated after flowering had ceased. Thus, our late treatments may not have been late enough to constrain plants to respond by reducing seed mass. Patterns of response to stress exactly as we predicted have been seen, especially in crop species (Son et al., 1996; Nielsen and Nelson, 1998; Desclaux et al., 2000) . In those cases, the schedule of initiation of stress covered the plant life cycle more thoroughly than in our experiment.
We conclude that the time of initiation of a stress is important to plant response. In nature occurrence of stresses is likely to vary across populations and seasons. Thus, understanding of species' repertoires of plastic responses should include investigation of treatments of different magnitudes as well as of treatments initiated at different times in the life cycle. As seen in this study, the consequences of stress are likely to depend on the interaction between the time of occurrence of the stress and the length and flexibility of the species' life cycle. 
